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Four commercial real-time PCR assays to detect Mycoplasma pneumoniae were tested, and the results were compared with the
results for an in-house approach. Despite differences of crossing threshold values of up to 4, assays were able to detect at least 20
CFU/5 �l (52 fg DNA/5 �l) of sample with the Diagenode kit showing the best clinical sensitivity.

Mycoplasma pneumoniae is a common agent of infections of
the human respiratory tract ranging from mild cases of tra-

cheobronchitis to severe pneumonia requiring hospitalization of
the patient. Furthermore, extrapulmonary manifestations of M.
pneumoniae infections have been reported (1–3). Especially in ep-
idemic periods, which are reported every 3 to 7 years, up to 40% of
community-acquired pneumonia (CAP) cases are caused by M.
pneumoniae (1, 2), affecting mainly older children but also adults
(4, 5). Early and rapid diagnosis of interstitial pneumonia due to
M. pneumoniae is of importance, since beta-lactam antibiotics are
recommended as first-line therapy for CAP and these antibiotics
are ineffective against the cell wall-less mycoplasmas. Unfortu-
nately, culture of these bacteria from clinical specimens is time-
consuming and has low sensitivity. Serological tests are not helpful
in early stages of infection, requiring in many cases paired serum
samples for definite interpretation of the results and showing
problems with regard to specificity as well as to sensitivity (6, 7).
Real-time PCR assays have been developed as a sensitive and spe-
cific option for detection of microorganisms in respiratory sam-
ples. In the last few years, a broad spectrum of targets for amplifi-
cation has been reported (8–10). Among these targets, use of
copies of repetitive element repMP1 was demonstrated in differ-
ent studies as a very sensitive approach (9–11). Since a number of
variables can influence the results of amplification, there exists the
need for inter- and intralaboratory validation of different assays
under defined conditions (6). Furthermore, the permanent dy-
namics on the market of laboratory diagnostics requires testing of
real-time PCR kits that are commercially available at a given time.
The aim of the present study was to compare the performance of
selected commercial real-time PCR assays with a characterized
in-house approach on a set of standardized samples of different
origin.

M. pneumoniae strain M129 (ATCC 29342) was grown in cell
culture flasks with PPLO medium (Becton Dickinson, Sparks,
MD, USA) at 37°C. After the color of the medium changed, at-
tached cells were washed twice with phosphate-buffered saline
(PBS) and harvested using a cell scraper.

Four commercially available PCR kits were included in the
study, and the results were compared to the in-house approach for
amplifying the repMP1 copies as a multicopy target (11). Of the 14
repMP1 elements scattered all over the genome of M. pneumoniae
(12), amplification of at least 10 copies can be expected. To limit
the influence of different platforms on the results, we tested assays
that are recommended for LightCycler 1.5 and 2.0 (Roche, Rot-
kreuz, Switzerland) since these instruments are widely used. The

following real-time PCR assays were selected: Diagenode Myco-
plasma pneumoniae/Chlamydophila pneumoniae real-time PCR
(Europe Diagenode sa, Liege, Belgium), GeneProof Mycoplasma
pneumoniae (GeneProof a.s., Brno, Czech Republic), BactoReal
Mycoplasma pneumoniae (Ingenetix GmbH, Vienna, Austria) (re-
ferred to as Ingenetix hereafter), and LightMix kit Mycoplasma
pneumoniae (TIB MOLBIOL GmbH, Berlin, Germany). Charac-
teristics of the in-house and commercial kits are summarized in
Table 1.

Respiratory samples (34 pharyngeal swabs, 2 sputum samples,
and 1 bronchoalveolar lavage sample) were taken between 2011
and 2013 from adult and pediatric patients with symptoms of
CAP. Primary testing of samples was done with the repMP1-based
real-time PCR. Positive samples (n � 37) were aliquoted and fro-
zen at �20°C until retesting with all real-time PCR assays investi-
gated. Amplification of M. pneumoniae-specific targets was done
in duplicate with each assay, and crossing threshold (CT) values
were averaged.

For determination of the kinetics and sensitivity of the real-
time PCR assays, a freshly prepared M. pneumoniae suspension
was homogenized with a 27-gauge syringe to reduce cell aggrega-
tions. An aliquot of the suspension was used to determine the
number of CFU on PPLO agar with 10-fold dilutions of the bac-
teria in PPLO bouillon. In parallel, DNA in a further 200-�l ali-
quot was prepared by using a QIAamp DNA minikit (Qiagen,
Hilden, Germany) according to the instructions of the manufac-
turer (blood and body fluid protocol) and collected in 100 �l
elution buffer. DNA concentration was measured in a spectral
photometer by the standard procedure. After 10 days of incuba-
tion, colonies on PPLO plates were counted. Before use as a sam-
ple in real-time PCR, DNA was 10-fold diluted with high-perfor-
mance liquid chromatography (HPLC)-grade water, aliquoted,
and stored at �20°C. PCR efficiency was determined by investi-
gation of a standard curve of the quantified DNA sample diluted
over 6 log units, and PCR efficiency of the real-time PCR ap-
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proaches was calculated (101/slope). The sensitivities of the assays
were estimated by determining the positivity rate after investiga-
tion of three DNA dilutions representing 20, 2, and 0.2 CFU/
reaction, respectively.

To minimize degradation of DNA, none of the samples ali-
quoted was freeze-thawed more than once before use in real-time
PCR. Real-time PCR assays were carried out according to the rec-
ommendations of the different manufacturers or as published be-
fore (11), and for all runs, the same LightCycler 1.5 or 2.0 instru-
ment was used.

Comparison of results of testing real-time PCR approaches to
detect M. pneumoniae is complicated. Differences in the target
amplified, the special test conditions, and the real-time PCR in-
strument used can influence the CT values measured (6). In addi-
tion, difficulties with the precise definition of CFU or color-
changing units (CCU) in dilutions of the fastidious growing
mycoplasmas is a further problem. As a consequence, there are
only a limited number of studies that tested more than one M.
pneumoniae-specific target for quantitative amplification (9–11,
13–15). To our knowledge, beside the in-house repMP1-based
approach, only the Diagenode kit was tested previously under
comparable conditions with other commercial real-time PCR sys-
tems (14).

The standard curves obtained from all five real-time PCR
methods tested show excellent statistical characteristics (Table 2).
The best PCR efficiency (2.008) was demonstrated with the
repMP1-based in-house approach. The lowest efficiency was mea-
sured with the Diagenode kit (1.914). Using the in-house assay, a
broad range of CT values from 23.29 to 35.75 was found in respi-
ratory samples of pneumonia patients (Table 3). Since CT values
in respiratory tract samples of at least 20 up to 39 were detected in
other reports (10, 11, 13, 15), this range can be considered a typical

spectrum of M. pneumoniae-positive specimens in microbiologi-
cal laboratories. Negative results in the GeneProof, Ingenetix, and
LightMix kits correspond to the samples (all were pharyngeal
swabs) with the highest CT values (35.25, 35.27, and 35.75, respec-
tively) detected in the in-house PCR assay. The Diagenode test
with these three specimens was positive in one of the two parallel
runs, indicating that the detection limit of the procedure was
achieved. However, the analytical sensitivity of at least 92% con-
firmed good performance for all approaches tested. This is in con-
trast to a study by Touati et al. (14) reporting sensitivities of �90%
(88 to 62%) of four of five commercial real-time PCR assays in
comparison with an in-house test demonstrating a similar mean
CT value as the repMP1-based assay in the present study. Here, the
best results with a commercially available kit were obtained with
the Diagenode assay showing a positive test result in all human
respiratory samples investigated. Discrepancies of results in com-
parison to other studies (14) could be explained by differences in
the instrument used, concentration of M. pneumoniae DNA in
samples tested, and sample volume. No amplification was ob-
served with DNA from phylogenetically related or clinically rele-
vant bacterial species Mycoplasma genitalium (ATCC 33530),
Mycoplasma hominis (ATCC 23114), Mycoplasma orale (ATCC
23714), Mycoplasma salivarium (ATCC 23064), Ureaplasma urea-
lyticum (ATCC 27618), Chlamydophila pneumoniae (strain TW-
183), Legionella pneumophila (ATCC 33152), Haemophilus influ-
enzae (ATCC 49247), Streptococcus pneumoniae (ATCC 6305),
Staphylococcus aureus (ATCC 25923), Klebsiella pneumoniae
(ATCC 13883), Pseudomonas aeruginosa (ATCC 27853), and hu-
man DNA, confirming the specificity of the real-time PCR ap-
proaches included.

It should be noted that pretesting of clinical samples with the
real-time PCR targeting the repMP1 copies can lead to a selection

TABLE 2 Kinetics and sensitivity of the evaluated in-house and commercial real-time PCR assays using DNA extracted from bouillon cultures of M.
pneumoniae M129

Assay

Standard curvea % positive samples (mean CT of positive samples �SD)b

r2

PCR
efficiency

52 fg DNA/5 �l
(20 CFU/5 �l)

5.2 fg DNA/5 �l
(2 CFU/5 �l)

0.5 fg DNA/5 �l
(0.2 CFU/5 �l)

In-house 0.9994 2.008 100 (30.55 � 0.06) 100 (33.30 � 0.18) 100 (34.71 � 0.67)
Diagenode 0.9995 1.914 100 (31.76 � 0.16) 100 (35.02 � 0.49) 75 (38.02 � 1.19)
GeneProof 0.9988 1.994 100 (31.07 � 0.37) 37.5 (32.96 � 0.52) 0
Ingenetix 0.9999 1.938 100 (34.60 � 0.27) 87.5 (38.35 � 1.15) 0
LightMix 0.9995 1.975 100 (32.20 � 0.19) 100 (36.00 � 0.93) 50.0 (37.65 � 1.17)
a Crossing thresholds (CTs) determined after investigation of 6 dilutions of an M. pneumoniae M129 stock (DNA concentration, 169.8 to 0.002 ng/5 �l [n � 4 each]).
b Investigation of eight parallel runs of DNA of each dilution.

TABLE 1 Characteristics of the in-house and commercial real-time PCR assays investigated

Assay
LightCycler
instrument Target

Internal
control

Sample vol/
test (�l) Reagent mix Sensitivity

In-house 1.5 repMP1 copies No 5 LC FastStart DNA Master HybProbe
(Roche, Mannheim, Germany)

0.2 CFUa

Diagenode 2.0 P1 adhesin Yes 10 LC TaqMan Master (Roche) 50 CCUb

GeneProof 2.0 CARDS toxinc Yes 10 Included No information
Ingenetix 1.5 16S rRNA Yes 5 LC FastStart DNA Master HybProbe 0.9 CFUb

LightMix 1.5 P1 adhesin Yes 5 LC FastStart DNA Master HybProbe 10 copiesb

a According to Dumke et al. (11).
b As specified by the manufacturer.
c CARDS toxin, community-acquired respiratory distress syndrome toxin.
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of positive specimens and is a limitation of the present study.
However, our results using the repMP1-based system as a sensitive
approach to detect M. pneumoniae in culture and clinical samples
confirmed the findings of previous studies (9, 10, 13). Regarding
CT values, in comparison with the repMP1-based approach, sig-
nificantly higher mean values were measured with the Ingenetix
and LightMix kits. In contrast, the difference to the results of the
Diagenode and GeneProof assays is statistically not significant,
confirming that under optimized test conditions, monocopy tar-
gets can be amplified with efficiency comparable to that of repet-
itive elements (9). Interestingly, the good clinical sensitivity of the
GeneProof kit does not correspond in all cases to the analytical
sensitivity. This discrepancy was also reported in other studies
(14). Providing that the efficiency of the used DNA preparation
corresponds to nearly 100%, all five test kits were able to detect 20
CFU/5 �l of sample in the eight parallel runs tested (Table 2).
Whereas the in-house, Diagenode, and LightMix approaches
demonstrated positive signals in eight experiments after testing of
specimens with 2 CFU/5 �l, amplification products were found in
7 out of 8 (Ingenetix) and 3 out of 8 parallel runs (GeneProof) with
the two other kits. Only the repMP1-based approach was able to
detect 0.2 CFU/5 �l in all parallel runs.

Results of studies indicated that the bacterial load might influ-
ence the severity of disease after infection with M. pneumoniae (16,
17). The data of the present and other comparison reports con-
firmed that the PCR approach used will influence the positivity
rate of tested samples and the measured load of M. pneumoniae in
the specimens. Not only can the mean results for a single sample
differ by CT values of more than 3 for the real-time PCR ap-
proaches used (representing a difference of genome copies of
around 1 log unit), the mean CT values for a complete panel of
tested samples can also show this range of difference, and this was
also reported in other studies (10, 11, 13–15). Furthermore, cul-
tural and molecular detection of M. pneumoniae in healthy indi-
viduals and long-term carriage of bacteria after the period of typ-
ical respiratory symptoms and adequate antibiotic therapy are
known facts (18, 19). Future studies have to prove whether a range
of bacterial load is associated with this phenomenon and might be
used to differentiate patients with acute illness due to M. pneu-
moniae from symptom-less carriers or M. pneumoniae-positive
patients with symptoms of CAP caused by other microorganisms
(20). In this context, knowledge of the sensitivity of the real-time
PCR approach used is a precondition for the evaluation of the
significance of the concentration of genome copies measured.

In conclusion, with the real-time PCR approaches tested, a
rapid (�1.5-h) detection of M. pneumoniae-specific targets was
demonstrated. Despite differences among the methods regarding

PCR efficiency, CT values, and analytical and clinical sensitivity, all
systems detect at least 20 CFU/5 �l of sample. With regard to the
quantitative results of other studies based on real-time PCR (16,
17, 20, 21), this can be considered an acceptable level of test sen-
sitivity for most clinical questions.
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